Lent=ChItip - -y

LA-UR -91-2535 LA-UR--91-2535
DES1 016310

Lot Alamos Natong! Laboraiory 15 0DaraieY Dy the Unwveraity of Cattoraia for 1ne Uniea Siates Depsniment of Energy unger contrac! W.7403.ENG-36

TTLE THE APPLICATION OF TIME-RESOLVED LUMINESCENCE SPECTROSCOPY
TO A REMOTE URANYL SENSOR

AUTHOR(S) Plerre T. Varineau, Rich Duesing, Lawrence E. Wangen

SUBMITTED TO SPIE MEETING
. Boston, Mass.
September 3-6, 1991

DISCLAIMER

Thin report wan prepared sy an account of work sponsored by an agency oi the United Stutes ‘ .

Government. Neither the United States (jovernment nor any sgency thereof, nor uny of their A : ]gl
employees, makes any warranty, expreas or implied, or assumes any legal liability or responsi-

bility for the accuracy, completeness, or usefulneas of any information, apparatus, product, or .

process disclosed, or represents that its use would not infringe privately owned rights. Refer-

ence herein 10 any apecific commercial product, provers, ur service by trade name, trademark, 8 . o
manufacturer. or otherwise does not necessarily conatitute or imply its endorsement, recom- .

mendatiun, or favoring by the tnited States CGiovernment or any agency thereol. The views O r

and opinions of suthors eapressed hervin do not necessarily state or reflect those of the u ,

United States Cluvernment or any sgency thereof.

Oy atceprance of thig B/1Cie the BuBhIng! recogRited thal Ine U B Qovernmeni 1910:n8 & AOneaciviive 1oysily-Hee heonse 0 PUBIIEA 81 18D100VES
e gubHIReS form Bl g ONtIBUIBA. O 10 SNow BINe’s 10 §0 80. for U B Qevernment purpuses

Thg Los AMEE NATONS! LABSISINY reRuvesis el NG SUDNENG! Sonkly WE B7KCH 81 warh DO'ISIMag vAEe’ 1he Supwes ¢! 1he U B Depariment of Lnergy

DISTRIBUTION OF THIS DOCUMENT 1S UNLIMITED
I'P =’

\

Log AEmAOS LosAlmos National Laboratory


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


The application of time-resolved luminescence
spectroscopy to a remote uranyl sensor

Pierre T. Varineau, Rich Duesing, and Lawrence E. Wangen

Los Alamos National Lab, Chemical and Laser Sciences Division
Los Alamos, New Mexico 87545

ABSTRACT

Time resolved luminescence spectroscopy is an effective method for
the determination of a wide range of uranyl concentrations in agueous
samples. We have applied this technique to the development of a remote
s5ensing device using riber optic cables coupled with a micro flow cell in
order to probe for uranyl in agueous samples. This sensor incorporates a
Nafion membrane through which U022* can diffuse in to a
reaction/analysis chamber which holds phosphoric acid, a reagent which
enhances the uranyl luminescence intensity and lifetime. With this
device, anionic and fluorescing organic interferences could be eliminated,
allowing for the determination of uranyl over a concentration range of 10-
4to 10-9M

1. INTRODUCTION

Laser induced time resolved luminescence (LITRL) spectroscopy is an
effective method for the determination of a wide range of 1J0z2*
concentrations tn aqueous samples. -3 This 1s because upon excitation,
uranyl shows an Intense green emission which s easlly detected and
quantified  We have taken advantage of this technique to create a sensor
Hough which we can establish a remote and nearly real Lime analysis of
nranyl concentratton in aqueous soluttons. In this sensor application the
excitation beam 1s carried to the sample and the emitted radiation 15
carried to the photormultiplier using fiber optic cables which are
connected to 2 flow cell. The use of chemical and physical sensors which
apply fiber optic technology has Increased tremendously in the past
decade -6 Howevor, there are only a few reports in which laser -based



Lime resolved luminescence measurements have been uied with fiber
ORLICS 1N an analyt:cal manner.”.8

|z

Several different designs of the uranyl sensor were tested, the most
successful being outlined in Fig. 1.
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Another short length of tubing is used to connect the bottom of the Nafion
tupe to a short piece of glass capillary tube (2 mm nner diameter) which
acts a3 a rmicro-flow cell. Two 200 um fibers and a microcapillary drain
tube ~re sealed 1n the top of the glass capillary with epoxy. For this
senzer, the flow reagent is phosphoric acid. This reagent enhances both
theranyl ermission intensity and excited state lifetime ( “200 ps at 295
kKo I H3PO4) compared to other agueous acidic solvents, thereby
leading to lower detection 1imits.2.9 This reagent is also usec to flush
the svstem and renew the chemistry in between readings Using this
experimental setup, 1t 153 possible to obtawn a fairly rapid and accurate
determination of uranyl concentration using a simple phy<ical

vips e rernent

Coocnerameent el Frocedure and Set-up.

Analysis is done in a stopped-flow manner. Reagent is pumped
through the Nafion tube and flow-cell to regenerate the sensor. Flow 1s
then stopped, and the sensor 1s allowed to equilibrate 1n an aqueous
solurran of analyte. During this time, uranyl 1ons can diffuse from the
Aquecs sample into a the Nafion tube containing phosphoric acid.  After a
St crnhibration bime, typically 30 minutes, an appropriate amount of
Phes s torte actd 15 pumped through the system in order to extract the
aransborrom the Nafion membrane and pusn the sample into the flow cel.
for spectroscopic analysis.  The total void volume 1n the Nafion tube, the
short captllary tube connecting the cell, and the microcell, 15 estimated to
be S0opl w0 very hittle flow reagent 15 used  After o measurement 15
Pakon 00 pl of reagent 15 pumped throuagh the system Lo renew Lhe
St ey and the process s repeated  Anoadvantage of using this using
the o Leagnois that the glass microcell 1 nover immersed 10 solution
Fheretore, any changes In the refractive index, absorplion coefficient, or
the piesonee of scattertng agents in the solution does not affect the back
eattor o hight ainto the collection fiber In addition changos an the optical
propet bres of the Nation tube do nol affect the amount of hight received in
e ccadloction TMiber The concentration tange of aeany! that cian be
e ed s 10 Mo 1071 A schematie of the THIRE appar atus
e artarating the aranyl sensot 15 shown i g
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Fig 2 Experimental setup for the fiber optic based,
time-resolved luminescence measurements.

in this setup, the excitation beam was provided by a L.51 VSL337
Nitrogen laser which has an output of 150 pJd/pulse with i 3 ns pulse
width at 337 nm  Fiber-optic cables which can transiit ullraviolet
radiation were purchased from 3M. The laser beam was focused on to the
Mver optic cable with a microscope objective.  An interference filter was
placed directly an front of the PMT housing to eliminate any stray light or
Liser scattering from entering it and so that only the emitted radlation
from <180 -520 nm (where the majority of the uranyl emission oCCurs) was
collected  The output signal from the Hamamatsu R9HS P11 was coupled
to a LeCroy 9410 digital osciltoscope which was interfaced to an 1BM PC
for analysis purposes  To pump the phosphoric acid reagent into the uranyl
sensor, a Hamitlton Fhero [ ab 90C programmable syringe pump was used.
Fetlon tittmgs were used since HaPOg leaches 1iron out of the metal
g, Teading o quenching ol the uranyl emission

2. Results and Discussion



In this paper, we report on the devetopment of a sensor which
couples the well established LITRL method for uranyl analysis with a
preconcentration technique using a Nafion membrane separating a sample
solution frorm a phosphoric acid medium. Nafion, shown below, is a
durable permselective perfluorosuifonate ion exchange material which,
when cast in the form of a membrane, can be used for the transport of
cations from one ageous solution to another. When dilute solutions are ir
contact with the Nafion, solution-phase anions cannot penetrate the
mermbrane  The reason for this 15 Donnan exclusion which 14 due to the
high concentration of fixed antonic sites within the membrane and the
subsequent buitd up of a catiomc double layer charge boundary around the
mecmibeans YT Thos for our system, antons such a3 ¢hlermage are excluded
trom Lhe phasphoric actd medium - This 15 a sigmificant aavantage for this
study oo halides are arnong the most likely urany!l quenchers to be found in
groundwater  There have been several studies concerning the general
structure and properties of Nafion as well as on the rate of 1on diffusion
through the membran:s T In addition to ton transport, osmotic flow of
water will also occur

L Ennszson Lifetimas_and Interierences

Heanvl on was determined in H3PO4 over a concentration range of
1o h o 1077 M using LITRL fiber optic based measurements, and 1073 to
10-5 M ousing steady state luminescence measurements The steady state
uranyl ermission signal Is swamped oy the large fluorescent background at
low concentrations  The primary advantage of time resolving the
spectirum s the abihity to discriminate against intense, short-lhived (¢ 100
ns) Fhancescence due to organics in solution and/or scattered radiation
Thi .t posaable since the UDX2Y exclited state ifetime 15 2200 §us i
phcephorie acid By analyzing the signal between 45 and H%H s after the
Laser aveitation pulse, we observed emission intensity dun solely to the
urmvl on excited state In addition, the measurement of excited state
Nrecimes makes 10 possible to monttor changes in envi onment that occur
wiliotn the Mation tube since the presence of gquenchers or dilution of the
HsPOw Tead Lo shorter emission Nfetimes.  Intensity -time decay profiles
from the transaent emson oxperiment s tollowed single axponent ial



kinetics for all of our determinations, indicating that uranyl is the only
species contributing to the observed emission decay signal.

In addition to other emitting species, inorganic and organic
auenchers are the major interferents which can hamper the accuracy of
our analysis. Diss»ylved inorganic ions in solution have profound but varied
effects on the exci ed state properties of U022+, generally quenching the
emission. 1215 Anion quenchers such as C1- and Br- should not diffuse
very readily through the Nafion membrane of the sensor.10,11 To test the
permselectivity of tte Nafion, we analyzed solutions containing large
excesses of KCI or KEr compared to 10 M UC2 As shown in Fig. 4, the
sensor allows for uraryl analysis in the presence of a 1,000-fold molar
excess of chloride witaout any decrease tn signal intensity or excited-
state hifetime In rnar<ed contrast, pumping uranyl solutions containing
chloride or bromide directly through the sensor, by-passing the Nafion
diffusion step, drasticaly reduces both the emission intensity and
Nfetime (by “85% for th.s case). In a separate experiment where the
chloride concentiration wes held fixed at 2.7 x 104 M and the uranyl
concentrations varied from S x 1078 to 6 x 10-5 M, there was virtually no
significant decrease in the uranyl excited state lifetime or emission
intensity as the uranyl concentration decreases when the sensor 15 used.
In the absence of the sensor, the uranyl lifelime decreases from™ 200 us
to ™ 50 ps over the same concentration range and there is a corresponding
decrease 1n eniission intensity as well.

The majer inorganic catton quenchers, which are Fe<', Pb2+ and Ag*
can pose significant problems <ince they can permeate the Nafion
mernbrane '3-15 we are currenily investigating the effects of these
Interferents and working on methods to eliminating this problem. One
solution to this problem s to use the proprietary reagent I'luran, which
erfectively eliminates quenching due to Fe2* and PhZ2* when they are at
St concenteations to the uranyl fon The excited state lifetime of
HOSZ an b laran 1s ™ 5% s For a solutica of 1 x 1076 M U0y |, this
hretime does hot decrease with increasing tron or lead concentration
anttlh @ molar excess of quencher compared to uranyl 15 reached.
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Figure 4 The uranyl excited-state decay rate constant is plotted

a5 a function of the KC1/U022* concentration ratio. (0), solutions

pumped directly into the flow cell of the sensor; (0) solutions that
had to pass through the Nafion membrare before entering the flow cell.

2.2 Response Characteristics of the Uranyl Sensor

To establish the response characteristics of the uranyl sensor, we
determined the signal intensity between 45 and 35 us after laser
excitation at several concentrations of uranyl ton inside the flow
chamber A series of 0.75 M H3zPO4 solutions of varying [U02]2*
concentration pumped directly through the sensor, bypassing the Nafion
iffusion step, gave results shown as the shaded circles In Fig. 4
imunersing the MNafton tube in defonized water soluttons containing the
same varying concentrations of (U02]2*+ for 30 min, allowing for diffusion,
and then making the emisstfon measurements gave the results shown as the
trianegles in Fig <1 Those signals are approximately 10 Limes more
ntense than those obtamed when the uranvl solutions were pumped
directly through the flow optrode. Becanse phoinhate 15 anfonic and thus
should not ditfuse through the Nafion membrane and the uranyl fon forms a
complec with phosphate 1ons, uranyi 15 concentreatet trom the sample Into



the fow optrode.  In addition, the phenomenon of Donnan dialysis may
lead to a concentration enhancement.!1.16 This concentration
enhancement leads to a 10-fold increase in the detection limit (7S x 10-9
M rather than S x 10-8 M, based on a signal-to-noise ratio of 2). Figure 4
also shows two calibration curves obtained for urany! nitrate/sodium
nitrate soiutions 1N which each data point was acquired after a 30-min
equihibration time These results indicate that the observed signals are
ind=pandent of 1onic strength.
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Fiqure 4 Plot of the average emission intensity between 45 and 55
15 after excitation vs concentration for aguecous UO22* over the range
510781 tn 1 A10°4M using the uranyl sensor shown n Fig. 1 (0),
[Un=]<* pumped directiy Into the flow cell; (a), [U02]2* n a deionized
water salution, [U02]2* in an aqueous solution of; (0),1%10-2M NaNO3;
(D, 10471 NaNO3 For the solutions that were not pumped directly
inte the flow cell, the uranyl 1on was allowed to diftuse through
the Nafion membrane into the flow cell over a period of 30 min,

In helween uranyl determinations, the sensor was soaked 1in distilled
water and the flow coll was flushed with soeveral S0 pd ahiquots of .79 M



H3PO4. The reversibility of the system was shown by the fact that the
intensity reading between uranyl determinations consistently returned to
the haseline value, even after hundreds of experiments under differing
condhtions of uranyl, quencher, and electrolyte concentrations.

2.3 Osmotic Flow

Figure 5 shows the amount of osmotic flow that was observed using
1.3 HzPO4 as the flow reagent and varying the cationic forms of the
Mafion membrane Nafion can be converted from one cationic form to
another simply by equilibratiing the membrane in a 0.1 M solution of the
catin of interest for several hours. Since HzPO4 ispresent as well as an
elacrralyta solution, 1t is expected that only partial conversion from the
H* rerm will occur. Osmotic flow rates were determined by weighing the
acueous solution that drained out of the waste flow capillary tube on the
uranyl sensor at five minute intervals and then converting these weights
to volumes assurning a density of 1.0 g/ml. If it is assumed that the
diffusion coefficient of water through the membrane remains constant,
ther the instantaneous flux is dictated by the difference in ionic strength
across the rmembrane at a given time. The osmotic flow data in Figure S
represents the total amount of water that passed through the membrane
13 A runction of time. Initially, the relative difference in ionic strength
across the Nafion membrane is great (1.5 M vs 10-3 1M). As osmotic flow
nrogresses, and the phosphoric acid solution on the inside of the Nafion
tube 1s diluted, the total amount of water flowing across the membrane
per unit time decreases. Wwhen the ionic strength of electrolyte is the
sarme on bhoth sides of the membrane, the net osmotic flow will stop.

This 15 a potentially damaging phenomenon from an analysis
standpoint. 5ince the entire void volume of the Nafion tube is ™ 30 ul,
osmolic flow can have pronounced dilution effects on the phosphoric acid
solutions When the phosphoric acid solution is diluted to £ 0.5 M, the
uranyl emission intensity and excited state lifetime decreases
aramatically  Between 05 and 2 M HzPO4 the UO2 excited state lifetime
varies only slightly as a function of phosphoric actd concentration. For
example, dilution from 1.5 M to 0.75 M H3PO4 does not affect the analysis
Stamfreantly




Despite the presence of osmotic flow of water, we observe no
decrease in excited state lifetime during our analysis. Even though
dilution of the phosphoric acid certainly occurs as a consequence of
osmotic flow, by pumping several 5 pl aliquots of phosphoric acid through
the system to extract the uranyl from the membrane, the solution _
containing uranyl that reaches the analysis cell contains nearly the same
concentration of HzPOg4 that was originally in the system. The diluted
H3PO4 15 pushed through the flow cell and out of the system before the
analysis is performed. This was evidenced by the fact that the lifetimes
we observed during the experiments were consistent with using 1.5 M
HzPO4.” 200 us Dilution would lead to shorter lifetimes.
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Frgure 5. Osmotic flow as a function of time for the differing cationic
forms of Nafion: (0) H*, (0) Na*, (O0) Mg2*, (A) Ca2~

smotic flow can be controlled to some extent by changing the
counterion associlated with the sulfate anion of the Nafion membrane. The
difrusion coefficient of water through a Nafion membrane depends cn the
water content of the membrane.!? More hydrated films show larger
diffusion coefficients than less hydrated fiims. The cationic form of the
film, dictates, to a large extent, the degree of hydration ot the fiim.!7

10



The results depicted in Figure 5 confirm these observations. Wwhen the
membrane is 1n th>» H* form (a highly hydrated form) we observe large
osmotic flow rates. When the membrane is partially in the Na* form, we
observe lower rates of osmotic flow. Although slower osmotic flow rates
are desir H'e to lessen the effects of diluting the flow reagent, it is
generally true that the transport rates of cations through Nafion
membranes follow the same trends as water transport rates. Thus it is
expected that for less-hydrated membranes, lower rates of uranyl
transport may also be observed. We are presently investigating the
interaction batween uranyl transport rates and osmotic flow rates.

Acknowledgements are made to Dr. Lloyd Burgess for helpful
discussions and providing the initial Nafion tubinn used in our
experiments.
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